Purposes Despite a flurry of cost utility analyses conducted in the Chinese population in recent years, a standard set of health state utilities (HSUs) for the Chinese population is lacking. The aims of this study were to (1) determine benchmark age-and sex-specific HSUs for a Chinese population, and (2) assess key correlates of HSUs in this population. Methods Quality-of-life was evaluated using the validated EQ-5D-3L questionnaire. HSUs were calculated using data collected from Gansu Province (n = 9833). Overall differences in HSUs were analysed using linear regression and a two-tailed p value \0.05 was determined to be statistically significant. The minimal difference in weighted index was set at 0.074. Results HSUs decreased with age in both males and females. Living in the non-capital areas, being separated/divorced/widowed or never married, being never educated, diagnosed with chronic disease, and no regular physical activity were associated with lower HSUs. HSUs for women were lower than for men in univariate regression analysis; however, no differences were found after adjusting for other covariates. In addition, the difference in HSU reached the level of minimal difference in weighted index for participants with chronic disease. HSUs for those who were diagnosed with chronic disease were 0.098 (0.092-0.104) lower than those without chronic disease. Conclusions This study reports HSUs for a Chinese population in Gansu and investigates the key correlates of HSUs in this population. In addition, the use of EQ-5D-3L in assessing population health is limited given the high ceiling effect and skewed HSUs.
Background
With a rapidly ageing population and continuous and costly technological improvements in the practice of medicine, health expenditure has risen dramatically over recent decades in China. However, a scarcity of resources is a fundamental problem that is faced by governments. Therefore, to ensure the sustainability of the healthcare system over the long term, it is critical that policy makers allocate scarce health resources in an efficient manner. Health economic evaluations provide a useful framework to assist decision makers in identifying interventions that represent good value for money. Specifically, cost utility analysis (CUA) evaluates the health consequences of an intervention in terms of quality-adjusted life years (QALYs), which incorporate both length and quality of life (QoL) [1] . Consequently, this methodology is preferred by many health technology assessment agencies around the world [2] .
Health state utilities (HSUs) are cardinal values that represent societal preference for health states, where a value of 1.0 represents full health; 0.0 represents dead [3] . The HSUs used in CUAs can be derived from several sources. In many cases, they can be obtained directly from the study population included in a given clinical trial. However, in some situations, they may not be collected in clinical trials and health economists need to use HSU data from other studies. HSUs in the general population are important to CUA for a number of reasons. First, for CUAs that incorporate the general population, for example, an evaluation of the cost-effectiveness of the National Health Service (NHS) breast screening programme [4] , age-and sex-specific HSUs are critical to calculate lifetime QALYs. Second, they can be used to inform the HSUs for diseased populations. For example, HSUs from the general population were used as an approximation for patients with cardiovascular disease who were clinically asymptomatic [5] . In another example of investigating HSUs for patients with osteoporotic fractures, it was found that in patients with a new hip, clinical vertebral or wrist fracture, HSUs were approximated, respectively, as 0.70, 0.59 and 0.956 times the age-and sex-specific HSUs for the general population [6] .
A flurry of CUAs has been conducted in the Chinese population in recent years. It is therefore important to provide a standard set of HSUs for the Chinese general population to improve the accuracy of CUAs in which HSUs are not collected in clinical trials. A recent study reported visual analogue scale (VAS) scores and HSUs for the Chinese population above the age of 60 years residing in urban areas [7] . However, those values have questionable applicability in CUA of interventions in young adults and rural residents. In another study, Sun et al. [8] described the reporting problems in each EQ-5D-3L health domain and investigated how VAS scores differed by socio-economic status and clinical characteristics. However, no HSUs were reported in that study [8] . A standard set of HSUs across different age groups in Chinese men and women is lacking.
The aim of this study was two-fold: first, to determine age-and sex-specific HSUs for a Chinese population, and second, to assess key correlates of HSUs in this population.
Methods
This study used data collected in the fourth National Household Health Survey (NHHS) in Gansu Province in 2008. Gansu is located in the northwest of China with a total population of 25.6 million, with an economy heavily based on mining and mineral extraction [9] . Gansu is one of the least developed provinces and the per capita gross domestic product (GDP) was ranked 30th across all 31 provinces in mainland China [10] . The capital of Gansu Province is Lanzhou with five urban districts and three rural administrative areas.
Details of the NHHS survey have been described elsewhere [11] . Briefly, 15 cities across Gansu were randomly selected for the survey. For each city, eight community centres or villages were selected based on economic development and geographic distribution. For each community centre or village, 33 households were chosen. A total of 3958 households, comprising 12,973 individuals, were selected for the survey. All research participants provided consent.
QoL was measured using the EQ-5D-3L to evaluate wellbeing in five domains: mobility, self-care, usual activities, pain/discomfort and anxiety/depression. There are three levels of functioning in each of the health domains: no problems (coded as '1'), moderate problems (coded as '2') and severe problems (coded as '3'). In total, there are 243 possible health states described by the EQ-5D-3L questionnaire. The best health condition is coded as '1' in each domain and the worst health condition is coded as '3' coded in each domain. The EQ-5D-3L also includes a VAS rating of general health, with scores ranging from '0' (worst imaginable health) to '100' (best imaginable health). Notably, as EQ-5D-3L has only been validated for adult populations, participants under the age of 18 years were excluded from the study [12] .
HSUs were calculated using Chinese time trade-off (TTO) values for EQ-5D-3L health states [13] . Differences in HSUs by sex, age and other demographic factors were analysed using univariable and multivariable linear regression models, adjusted for demographic characteristics. A two-tailed p value \0.05 was determined as statistically significant. Further, we investigated whether the differences in HSUs were at the level of minimal difference in weighted index. The minimal difference in weighted index is defined as 'the smallest difference in score in the domain of interest which patients perceive as beneficial and which would mandate, in the absence of troublesome side effects and excessive cost, a change in the patient's management' [14] . The difference in HSUs on the level of minimal difference in weighted index was set at 0.074 [15] . All statistical analyses were conducted using STATA version 13.0 (StataCorp LP, College Station, Texas).
Results
Of all 12,973 individuals interviewed, 9833 (75.8%) were included in this study. The main reasons for exclusion were age below 18 years (n = 3002, 23.1%) and failure to complete the questionnaire (n = 138, 1.1%). The sociodemographic characteristics of the included participants are summarised in Table 1 .
The age-specific prevalence of moderate problems and severe problems by each health domain is presented in Table 2 . In general, prevalence of problems increased with age. Moderate pain/discomfort was reported in about 1 in 10 study participants (n = 1011, 10.3%). By contrast, only 4.9% of the study population reported problems in selfcare. Similarly, mean VAS scores decreased with age from 87.90 for age group 18-24 years to 60.13 for populations aged 85 years and older (Table 2) . A summary of the number and proportion of each EQ-5D-3L health status for the study population is presented in Appendix Table 1 . Approximately 86% (n = 4111) of males and 83% (n = 4187) of females in the study population reported no problems in all EQ-5D-3L health domains.
Age-and sex-specific HSUs are provided in Table 3 . HSUs decreased with age in both males and females. In addition, key sociodemographic correlates of differences in HSUs in this population were identified (Table 4 ). In the univariable regression analyses, HSUs differed across subgroups by age, sex, location of residence (i.e. urban or rural area), current marital status, level of education, chronic disease status, smoking status and weekly physical activities. After adjusting for demographic characteristics, residing in non-capital areas, being separated/divorced/ widowed or never married, being never educated, diagnosed with chronic disease, and no regular physical activity were all found to be associated with lower HSUs. However, no significant differences in HSUs by sex and location in multivariable analyses were observed. The difference in HSUs reached the level of minimal difference in weighted index for participants with chronic diseases. HSUs for those who were diagnosed with a chronic disease was 0.098 (95% CI 0.092, 0.104) lower than those without chronic diseases.
Discussion
This study provides a standard set of HSUs in a general Chinese population by age and sex obtained from a large national health survey. In addition, key sociodemographic characteristics that contribute to the differences in HSUs were identified. CUAs are recommended to be undertaken using country-and population-specific epidemiological and health economic data [16] [17] [18] . Results of CUAs are likely to be impacted by use of different HSUs [19] . With no standard set of HSUs in the Chinese population, until now CUAs have been of limited value. Our age-and sexspecific HSUs will be useful in future CUAs for the Chinese population, helping policy makers to more accurately prioritise spending of limited healthcare resources. For this population, we have found that HSUs do not differ between males and females, or by residence in rural and urban locations. HSUs decreased with age in both males and females. Living in a capital city, being married, higher educational attainment, absence of chronic disease and engaging in weekly physical activities were associated with higher health utility scores. In addition, the difference in HSUs for those diagnosed with chronic disease reached the level of minimal difference in weighted index compared with those with no chronic disease.
The set of age-and sex-specific HSUs that we have generated (Table 3) is helpful to calculate QALYs in Table 3 Unadjusted age-and sex-specific health state utilities (HSUs)
EQ-5D-3L HSUs CUAs for the general Chinese population. For example, when estimating the cost-effectiveness of a breast cancer screening strategy for women aged 45 years, the mean baseline HSUs can be set to 0.928 (95% CI 0.918, 0.937). If breast cancer screening is conducted in women with chronic disease, a disutility of 0.118 (95% CI 0.112, 0.123) in baseline HSUs can be applied (Table 4) . With agespecific HSUs, lifetime cumulative QALYs can be calculated. Our set of HSUs can also be used in some patient groups where there is evidence that the HSUs for a particular condition are the same as those for the general population. For example, studies have shown that HSUs for patients with established osteoporosis but without a history of fracture were identical to those of the general population [6, 20] . Therefore, the HSUs for the general population can be used as an approximation in this population. Moreover, the HSUs in our study can potentially be used to approximate baseline HSUs for individuals without the health condition under consideration when the actual data are lacking [5] . However, under these conditions, sensitivity analyses around a range of plausible HSUs should be incorporated in the CUAs. Two relatively common, but flawed approaches to estimating QALYs include the use of values from populations other than those in which the CUA is being performed, and the use of VAS values to approximate HSUs. An example of the first of these approaches can be found in a costeffectiveness analysis of a hip fracture prevention strategy [21] . This study applied HSUs from the Swedish general population to a CUA for the French population. Given different preferences for health states in different populations [22, 23] , the researchers suggested that using HSUs from another population may have resulted in an inaccurate calculation of QALYs for the French setting. The other common mistake is to use the VAS score as an approximation of HSUs [24] [25] [26] [27] . EQ VAS is a typical rating scale from 0 to 100, for which the research participant is required to place a line on a scale to represent his or her health condition at the time of interview. It is a simple, quick and convenient method to capture preference on health compared with TTO or the standard gamble (SG) methods [28] . However, the accuracy of measurement of health utility is limited if the VAS anchor is not well defined. Further, the VAS HSU is not reliable due to the end aversion nature observed for the VAS [29] . Such bias occurs when respondents are reluctant to place the line near either end of the continuous scale. Based on the above reasons, it has been suggested that VAS should never be used alone, or when SG or TTO values are available [30] . Our study has provided a standard set of EQ-5D-3L HSUs using the EQ-5D-3L survey results from the NHHS in Gansu population. The EQ-5D-3L health states were transformed to HSUs using TTO values for EQ-5D-3L health states that were evaluated in 1147 participants from five Chinese cities [13] . Therefore, our study will help health economists to avoid these common problems when they conduct CUA involving use of HSUs for the Chinese general population in the future.
Previous studies have described the distribution of problems reported in each of the EQ-5D-3L health domains in the Chinese population using the NHHS data [8] . As we have used the data from Gansu, which was a NHHS participating province, our study is comparable to these studies. Our study is consistent with the previous study that showed HSUs decrease with age [31] . We have also found that females tended to report lower QoL than males (HSU in females was 0.009 lower than that in males) prior to adjustment. However, the difference in HSUs between sexes was not significant after adjusting for other covariates such as age, marital status, education, presence of chronic disease, smoking and physical activity ( Table 4) . The presence of chronic disease affected QoL in both studies. In the study of Sun et al., the mean VAS score for males with chronic diseases was 10.8 lower than those without chronic disease and the difference in females was 10.6 [8] . Our study demonstrated that the difference in HSU for those with and without chronic disease was 0.098 (Table 4) . While the EQ-5D-3L health domains were well described in the study by Sun et al., HSUs were not reported.
In our study, HSUs for participants with high school level and university level education were 0.023 and 0.020 higher than those who were never educated. This is consistent with the findings from a previous study in a Chinese population, in which individuals with lower levels of educational attainment reported more problems in EQ-5D-3L domains and lower VAS scores compared with those with higher educational levels [8] . The relationship between QoL and level of education has been well acknowledged [32] . In a study from Sri Lanka, it was found that people with a tertiary education were five times less likely to report any health-related QoL issue compared to those without a tertiary education [33] . There are two reasons that potentially explain why higher education is associated with better QoL. First, evidence has shown that chronic diseases are more prevalent in lower education groups [34] . In our study, 29% of participants with no education reported at least one chronic disease. In contrast, 15% of participants with high school education and 9% with tertiary education reported at least one chronic disease. Moreover, patients with chronic disease and higher educational attainment were observed to have increased awareness of their disease, which is likely to contribute to better disease management [35] .
Marital status is a driver of QoL as married people were shown to have better social and psychological health compared with those who were divorced or widowed [36] . Our study has shown that those who have never married or were divorced/separated/widowed had lower HSUs compared to those who were married. This difference remained after adjusting for other demographic characteristics; however, the difference in HSUs does not exist on the level of minimal difference in the weighted index.
There are important strengths of this study. First, data from a national household survey were used, with participants selected from different age groups, regions, health and socio-economic status in Gansu. Therefore, the results of our study are representative of this particular Chinese population. Second, we have not only provided a standard set of HSUs to be used in future health economic evaluations, but we have also discussed key correlates for the HSUs in the study population. Some important limitations of this study should be noted. First, we only used data from Gansu Province that is part of the fourth NHHS, and Gansu Province is of low economic development in China. Despite that, our study population was similar to the entire 1% reported no problems in mobility, self-care, usual activities, pain/discomfort and anxiety/depression, respectively. Therefore, a higher proportion of the Gansu population reported problems in each of the EQ-5D-3L health domain than the country average and the age-and sex-specific HSUs in Gansu population might be lower than the general Chinese population. Second, as the fourth NHHS was a cross-sectional study, only correlations between HSUs and key demographic factors were reported, rather than causal relationships. Lastly, given the fact that EQ-5D-3L was relatively insensitive in our study population, the mean values of HSUs presented in Table 3 , while the first to provide a Chinese population standard data set, should be used with caution, and further research is recommended to identify whether other health state utility instruments may prove more appropriate in the Chinese general population. In addition, given the non-normal distribution and high ceiling effect of EQ-5D-3L-derived population HSUs, future health economic modelling studies should use nonnormal distributions, such as beta distribution, to reflect the non-normality of HSUs [37] . In addition, one-way sensitivity analysis around HSUs should be adequately performed to investigate the impact of HSUs on the calculation of QALYs and incremental cost-effectiveness ratios.
A large proportion of the study population reported 'no problem' in all health domains, which illustrated the strong ceiling effect of the EQ-5D-3L and highly skewed HSUs in our study population (Table 3) . A large ceiling effect was also reported in Sun et al., in which all NHHS data were used [8] . There are several possible reasons for this. First, EQ-5D-3L may be particularly insensitive to health problems in the Chinese population; while the instrument is noted for its ceiling effects in general population surveys, our observed rate of 84% of respondents reporting full health (i.e. state '11111') is much higher than rates observed in other countries, such as the rate of 47% observed in the US [38] or the rate of 57% in the UK [39] . It has also been demonstrated that the EQ-5D-3L is relatively insensitive to some domains of health, particularly mental health [40] , so mental health may not be fully captured in this type of national health survey. A further reason for a high ceiling effect observed in our study may be that Asian populations tend to report good health in population surveys. For example, the Medical Expenditure Panel Survey performed in the US in 1996 reported 64.3% of the Asian population reported full health. In contrast, the rates reported by White, Black, Hispanic and 'Other Races' were notably lower (47.4, 48.3, 56.6 and 42.1%, respectively) [41] . Furthermore, in our study population, around 88% reported 'no discomfort' in the past two weeks and 83% reported 'no chronic disease' in the 6 months prior to the survey. With a large proportion of interviewees reporting no underlying health concerns, it is perhaps not entirely surprising that approximately 84% reported 'full health' using EQ-5D-3L. However, it should also be noted that 42 and 51%, respectively, of those who reported 'discomfort' and 'having chronic diseases' reported full health on EQ-5D-3L on the day of the interview.
In conclusion, our study has provided a standard set of HSUs for a Chinese population by age and sex. However, it should be cautioned that our HSUs are only representative of the Gansu population, and may not apply to the entire Chinese population. This set of HSUs will be useful for estimating QALYs in health economic evaluations in a Chinese context. In addition, we have found that HSUs for participants living in non-capital areas, being of older age, separated/divorced/ widowed or never married, being never educated, diagnosed with chronic disease and not participating in regular physical activity were associated with lower HSUs. The presence of chronic disease was associated with lower HSUs on the level of minimal difference in weighted index. Given the high ceiling effect and skewed HSUs, we recommend that further studies be performed to determine whether similar effects are seen on other utility-based measures.
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